D issection of the cervicocephalic vessels increasingly is being recognized as a treatable cause of stroke.' An appreciation of internal carotid artery dissection preceded that of the vertebral arteries, but during the last decade approximately 100 cases of vertebral artery dissection cases have been documented in the English language medical literature. [2] [3] [4] [5] Vertebral artery dissection more commonly afflicts young and middle-aged adults; it has a remarkably good prognosis with rare recurrence and usual resolution in 63% to 88% after a period of 2 to 3 months, as documented by cerebral angiography. [2] [3] [4] [5] [6] The favorable natural history of vertebral artery dissection emphasizes the need for a noninvasive approach to the detection, monitoring, and follow-up of this condition. Angiography of the vertebrobasilar system is associated with a higher morbidity and mortality rate compared with the carotid circulation. Furthermore, angiography alone is not always definitive in the diagnosis of vertebral dissection. 2 A standard duplex Doppler examination recorded flow velocity and direction and waveform characteristics in the vertebral, common, external, and internal carotid arteries. A high resistance signal in the vertebral artery was diagnosed when no diastolic flow was evident in the Doppler signal, combined with the characteristic acoustic quality of the signal. Standard TCD investigation measured flow velocity, direction, and pulsatility in the middle, anterior, and posterior cerebral arteries and in the vertebral and basilar arteries. Follow-up sonologic data were available in four patients.
Results
Among the 10 patients with vertebral artery dissection, the mean age was 36 years (age range, 24 to 58 years) in the 8 men and 2 women. Six were white, 2 Hispanic, and 2 Asian. Some form of trivial injury occurred in 8 patients; neck manipulation or exercises were a likely precipitant in 5, and a motor vehicle accident, jogging, and jumping preceded the onset of neurological symptoms in 3 other patients. Seven patients had neck pain. Among the 10 patients, 6 presented with a lateral medullary syndrome, the remainder with elements thereof or brain stem deficits. Six of the 10 patients had an excellent outcome at 6-month follow-up. Four patients were left with mild residual symptoms.
CT was positive in 6 of 10 patients. MRI was performed in 7 patients and was superior to CT for imaging the relevant infarct, being positive in 2 patients in whom CT was negative. Cerebellar infarcts were found in 6 and lateral medullary infarcts in 3 patients. Two patients had a normal CT and MRI.
The findings on duplex Doppler and TCD and the angiographic sites of dissection are presented in Table  1 . Overall, duplex Doppler abnormalities were found in 8 of the 10 patients. Of the 10 patients, 6 had a high resistance signal in the vertebral artery in question (Fig  1) , 1 had no flow detected in a well-imaged vertebral artery, and 1 patient had reversed flow in both vertebral arteries. Two patients had an initially normal study. Follow-up Doppler was limited to 4 patients. In 2 patients the signal normalized from a high resistance signal at the first examination, and in 2 patients the high resistance signal persisted, but in 1 of the 2 the resistivity index (systolic velocity minus diastolic velocity divided by the systolic velocity) improved.
TCD data in this series were largely normal. Only two patients had an abnormal result; a low pulsatility index in the basilar artery was found in one patient, and increased velocity in the dissected vertebral artery in another ( Table 1 ). The latter patient had diffuse narrowing of the right vertebral artery, as well as involvement of the vertebrobasilar junction on angiography. (Table 1) . These were frequently found at the proximal (7/21), C1-C2 (7/21), and distal (6/21) vertebral artery segments. Only 1 patient had intradural dissection of the vertebral artery, and no dissections were found in the middle segment. Stenoses were the most frequent angiographic finding (16/21), and arterial occlusion was found in 5 of 21 (Table 2) . No pseudoaneurysm or intraluminal clot was noted in the angiograms in our series. Dissections were frequently multiple (7/10) and often bilateral (5/10). Diffuse narrowing (3/21) was not common in our series, and concomitant cervical internal carotid artery dissection was found in only 1 patient. Findings on cerebral angiography are helpful but not always diagnostic of vertebral artery dissection. When specific radiographic signs such as pseudoaneurysm or intraluminal clot are found, the diagnosis is usually assured. As documented in our series, these features are infrequent. More often, irregular stenoses or occlusions are found, which are less specific for artery dissection and may be observed in atherosclerotic or partially recanalized embolic occlusions of the vertebral artery. The diagnosis may be suspect unless the angiographic findings are interpreted in conjunction with the clinical presentation, as was true for all of our 10 cases.
Functional noninvasive imaging with duplex Doppler and TCD seems particularly suited in this clinically dynamic condition. The patency and state of the dissected vessel may alter over days to weeks,56 making this a suitable condition for repeated ultrasonic measurement of blood velocity, resistance to flow, and resolution to normal. A high resistance signal was the most frequent finding in our series and has been described by others.8'1'12 This abnormality is not specific for vertebral artery dissection but is a reflection of an impediment to normal arterial flow that could also exist in atherosclerotic or embolic occlusion of the distal vertebral artery. In addition to a high resistance signal, studies with duplex Doppler of the extracranial vertebral artery"",12 have described a localized increase in diameter with decreased pulsatility in that segment and the occasional intravascular echoes.'2 Our findings were confined to the reporting of high resistance signals for the sake of reproducibility. Experience is required for optimum insonation of the vertebral artery, as alluded to by other investigators in this field.9-1' No doubt the inclusion of more extensive parameters might well have increased sonologic sensitivity of vertebral artery dissection in our series.
In our series, routine TCD was not so diagnostic. However, the intracranial or fourth part of the vertebral artery was less frequently involved in our series, and it was not routinely insonated. We would advocate insonation of the intracranial portion of the vertebral artery by TCD The favorable natural history of vertebral artery dissection in the majority of patients, its preponderance in the young and middle-aged, and the preferred treatment with antiplatelets or anticoagulation27-30 make noninvasive detection and monitoring all the more desirable. We propose that both duplex Doppler sonography and MRI of the cervicocephalic vessels offer such an option.
